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By W. u„ Ero'.7n. 

For the ordinary range of flying -.There the pilot never 
kno-.7s the exact velocity and direction of the wind, the airspeed 
meter serves more as a sta-hility indicator than it does as a true 
instrument of navigation. The pilot depends upon ii: as he de- 
pends upon the sound of the interplane wires or the stiffness 
of the controls to tell in what part of the flying range the 
airplane is operating. Except possibly in navigating over the 
sea "here the winds are steady and can be allowed for, an error 
of a few miles per hour is ox no great consequence. 

In competitive performance measurerr.ent or full scale scien- 
tific research a more exact hncwledge of speed is necessar3,^ 
Since many of the airplanes in use during the war were equipped 
with airspeed meters, of the Pitot or Venturi type it became 
common practice to carefully calibrate these instrrmente and to 
use their corrected readings for scientific purposes. Toussaint* 
in Prance, and Tisard** in England developed similar methods for 
determining true speed in perform.ance testing which with modifi- 
cations are still in use today. Briefly, their methods consist 

in div iding the airspeed meter error into th ree par ts; (l ) The 
* Notes on Methods and Calculations for Static Tests and Full 
flight Performance Tests for New Military Airplanes, by Captain 
Toussaint, Cnief of the service of Tests of the S.T,Ae, 1918. 
** Lecture before the Royal Aeronautical Societr, ISIV , by Tizard. 
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error of the gage in transmitting the pressure difference pro- 
dvioed by the tube into speed under standard and ideal condi- 
tions; (3) the error due to variations of the density from the 
standard for ■^hich the instruinont is calibrated; and (o) the 
error due to the particular location of the airspeed meber 
head on the airplane. 

The first error is determined by calibration in the labor- 
atory. The second is computed from the observations of pres- 
sure and temperature during the test. The third is the resid- 
ual error determined by timing the airplane over a kno'rn dis- 
tance, and is by far the :^ost difficult to determine precisely. 

Unfortunately, since the airplane flies through the air 
its speed must be observed relative to the air and not relative 
to the ground, or if observed relative to the ground a correc- 
tion m.ust be made for the amount by -^^hich the airplane's speed 
is reduced or augm.ented by the •"ind. 

To the --riter's knowledge five distinct -methods sho^rn in 
Figs. 1-5, have been used for tim.ing an airplane over a given 
distance and getting a measure of the vrind velocity and hence 
the true speed of the airplane. Fig. 1 shovrs a straight course 
laid out along the prevailing --rind direction. The airplane is 
flown first with and then against the --ind and the true air- 
plane speed is taken as the average of speed in the t'vo direc- 
tions. The time over the ccurss may be observed from the ground, 
the time of passage over each end observer being com.municated 
to the other end electrically, or the observation may be made 
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from the airplane using a pendaluin sight. 

Fig. 2 shows a course marked by t770 parallel lines,* The 
pilot holds his airplane on a compass course at right angles to 
the end lines and flies bach and forth as before. If the tim- 
ing is done from the ground each end station may consist of tvo 
parallel .-Jires stretched one above the other so as to enable 
the observer to sight the airplane at the instant it passes 
through the vertical plane containing the ;vires. The average 
of the speed in the two directions gives the airplane speed 
regardless of the ^Tind direction. 

A third type of speed course vrhich has become very popular 
is triangular in shape (Fig, 3). The speed of the airplane can 
be determined from the ground speed measured on each side of 
the triangle by the simple diagram shovvn above the figure. 

In Engla:id, France and Ger^'fiany the speed course has been 
some-That displaced by a method of locating the position of the 
airplane at regular intervals of tine by means of triang^alation , 
(Fig. 4). T-:o cameras,** ca-rera obscuras/'** plane tables xith 
mirrors and sights**** or recording theodolites***** as the 
case may be, are placed at opposite ends of a base line and sim.- 

ultaneous records of the orientati on and elevation of the air- 

* Preliminary report of Free Flight Tests, by E. P. Warner and 
F. H. Norton, IhA.C.A. Report No, 70. 

** Flight Path Analysis with the Aid of Photographometry , by 
Richard Katzmaver, Motor-.vagen, January 31, 1220. 
*** A Method of Measuring the Speed of an Airplane at a Height, 
by the Director General of Military Aeronautics, PAM No. 266. 
**** Notes on Methods and Calculations for Stati.c Tests and Full 
Flight Performance Tests for New Military Airplanes, by Captain 
Toussaint, Chief of the Service of Tests of the S.T.Ae, 1918. 

Speed Measuring Stations. See catalog of Recording Theod- 
olites of Carl Bamberg and accompanying literature. 
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plane made from each point. By this r.eans the exact location of 
the airplane relative to a point on the ground can he determin- 
ed at all times. In order to determine the effect of the vind 
on the airplane's ground speed, flights can be ir.ade vrith or 
against the ~ind or in three different directions, or simultane- 
ous obssr vat ions can ce r.ade or. the n-.cv3:rent of the air as shc^m 
hy the smohe puff of a pistol fired from the airplane, 

A fifth method noii used bv the U.S. ITav:^ Department (Fig. 5) 
has a single samera ocsoura with the axis of the lens \^ertical. 
The airplane flies with and against the -.rind over the ca-ni.era, 
being kept at a constant altitude by statcscope observations. 
The path of its image on the ca/mera table is follo^red with a 
special pencil vrhich automatically marks off second intervals 
of time as deter?-'.ined by an electric chronometer, ^"hile the im- 
age of the airplane is in the middle part of the camera obscura 
field a photographic film covered by a focal plane shutter is 
passed over the image and a photograph taken. The photograph 
of the airplane is scaled and the ratio of the image dim.ension 
to the dimension of the airplane gives the scale factor for de- 
termining the speed of the airplane. This method is easier to 
!!ianipulate than the triangulation method but like the triangu- 
lation method m.akes it possible to determine the airplane speed 
at fairly high altitudes -here the winds are more likely to be 
steady. 

The accurate timing of an airplane flight over a given dis- 
tance relative to the earth is a matter of ref ine-ent of methods 
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and apparatus. The correction of the flight speed for the wind 
is uncertain due to the variability of the atniospheric motions. 
So great is the variation in wind velocity along the path of the 
airplane and between successive flights that this factor becomes 
the stumbling block to accurate airplane speed determination by 
the methods described. 

With a view to increasing the accuracy of speed measurement 
the Flight Test Section of the National Advisory Committee for 
Aeronautics devised a method by which the measurement of an air- 
plane's true speed is made independent of the wind. It is a 
well known fact that a Pitot-static tube of proper design when 
pointed into the wind measures the relative wind speed with ex- 
treme accuracy according to the form.ula* V = y 2 P/P . Waen 
mounted directly upon the airplane as in common airspeed meter 
practice, the speed indication may be in error due to two causes 
(1) yaw of the tube to the relative wind, an effect which is most 
noticeable in the static pressure produced by the tube** and 
(3) the interference of the airplane upon the air flow aroinid 
the tube, usually considered to diminish the relative wind 
velocity at the tube. 

In the N.A. C.A. method both these causes of error are re- 
moved by mounting the Pitot static head on the front of a small 
trailing bomb suspended some distance below the airplane (Fig. 6). 

The bomb is provided with a stabilizing tail which always points 
* At high airspeeds the formulas are modified to take account 
of the compressibility of the air. 

** Some Experiments on Measurement of Static Pressure by the Wind 
Channel Staff of the R.A.E. , R&M No. 672. 
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it directly into the Mind. The Pitot and static pressures are 
transmitted to a gage or to a recording airspeed meter in the 
cockpit by t^vc rubber tubes attached to the supporting cable. 
In practice this trailing Pitct-static tube is lowered by the ob- 
server 25 or 3C feet below the airplane although it has been 
found in actual test that it can be dravm up to within IC feet 
of the fuselage before any interference can be detected, ^ith 
this device it is possible to calibrate the reg^alar airpsesd ^-ne- 
ter installed in an airplane with greater accuracy than ever 
before or if the investigation for which the airspeed is desired 
involves steady flight the trailing Pitot tube can be used 
throughout the test for the direct measurement of speed. 

Another point which has been gained is simplicity of oper- 
ation. With the old method more or less complicated .apparatus 
was required and cooperation and sometimes communication between 
the pilot and one or more observers on the ground was necessary. 
Moreover, flying was limited to a small altitude range over a 
definite locality and could only be carried out in especially 
steady winds. With the new method the speed can be determined 
in a very short time by pilot and observer, or pilot alone if a 
drum is provided for lowering and raising the trailing tube. 
The test can be made over any place or at any altitude at which 
the air is reasonably smooth. * 

As stated, the tube position error or insta llation error as 

* In gusty air the trailing tube is not f s^^^^TS^f l^P^^^^ds 
airpllne. Also if damped an airspeed meter of this type -s^ds 
M^h in fluctuating winds since the pressure produced by tne tube 
is proportional to the average of the squares of the instantane- 
ous Velocities rather than the square of the average velocity. 



it is frequently called, has been detervnined as the dif- • ■ 
ference betwesn two quantitiss. The precision with which one of 
these quantities could be obtained was frequently of the same 
magnitude as the installation error itself so that very little 
consistent information was obtained regarding the way in which 
the error was influenced by variables such as speed, pressure 
and temperature. If, for instance, an airspeed meter was cali- 
brated at low altitude and its installation error deterrined 
for that density it was not definitely known that the same in- 
stallation error could be applied to measurements made at high 
altitudes. During the summer of 1923, tests were made at Lang- 
lev Field in which the installation error of a Mark IVA tube 
installed on the outboard strut of a VE-7 airplane was deter- 
mined over a range of density from lOOfo standard to 7 5fo standard. 

Two calibrated airpseed gages were mounted in the cockpit 
and connected to the Hark IVA tube and a trailing Pitot static 
tube. Readings of these gages were taken over a speed range of 
57 - 95 M. P.H. at ground level and also at 10,000 ft. altitude. 
The differences in the corrected readings of the gages, repre- 
senting the installation errors of the Mark IVA tube expressed 
in terras of indicated airspeed, are plotted in Fig. 7. While 
the points are somewhat scattered due to irregularities in the 
gages and due to yaw of the airplane to the relative wind, it 
is apparent that the installation error expressed in this way is 
independent of the air density. 

Further tests were m.ade on a JN4h airplane similarly equip- 
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ped a Mark IVA head and trailing ?itot static tube to deter- 

mine as far as possible the cause of the installation error. In 
these tests ver3.- sensitive pressure ga^es were connected bet-een 
the respective static tubes and pressure tubes of the fAio heads. 
The information obtained is given in the following table. 



Indicated 
Airspeed 
H, P. H. 


Engine 


L'lf X erenco i 
in Pitot " 
pressures 
Inches of 
wat er 


Elf f erence 
in Static 
pressures 
Inches of 
•'rater* 


I TIG "ta 1 J-'-*'"" 

tlon 
correction 

Inches 
of v;ater 


Installation 
correction 
in terns of 
indicated 
airspeed 


40 


1300 


0 


07 


07 


-1.8 


62 


1320 


0 


-0. 12 




-2. C 


80 


1550 


-. 005 


-0. 17 


-0. 17 


-2.2 

1 


80 


Throttle 
1 closed. 


0 


-0. 12 


-0. 12 


i 



The installation correction on the JM4h ajpears to be of 
the same magnitude as on the VE-7. The observations show that 
the installation error is wholly due to a suction produced by the 
static tube. Since a Mark VIA tube tected in the -tind tunnel** 
shovjs a similar error when yaT^ed between the angles of 6° and 12 
may conclude that the installation error for any airspeed me- 
ter installation similar to the ones tested is probably -wholly 
due to the ya-.. of the tube. If there -..as any appreciable change 
in relative velocity at the tube due to the interference of the 

airplane -.Tings, it 50uld_ 21-^1I2:II^1-HL^^^^^ pressure. 
* Positive of trailing Pitot-static pressures are greater than 
Mark IVA pressures, , ^ , 

** Rapport A 20, Verslagen en Verhandelingen Van Den Rijks - otud- 
iedienst Voor de Luchtvaart. Amsterdam,,, 1921. 



This means that a swivelling Pitot static tube of the type ueed 
in all W.A.C.A. accelerated flight testa (Fig. S), may be ex- 
pected to have a very small or negligible installation error. 
It is apparently not important to mount the tube on a long pole 
in front of the wings as has been frequently done. 

Referring again to the stationary tube, we should expect the 
installation correction for a given spaed to vary "ith variations 
in angle of attack caused by different inclinations of the flight 
path. This -.7as actually found to be the case, the installation 
correction for the JN4h at 80 M.P.H. changing from 2.2 to 1.6 on 
closing the throttle and nosing do^7n. Thus it appears that un- 
less the tube is made to s.vivel or is otherwise made independent 
of yaw errors,* the installation error is a function not only of 
the airspeed but also of the engine speed. 

In conclusion, it seems proper to discuss briefly the char- 
acteristics of different airspeed meter tubes which do cr do not 
recommend themselves for flight testing. Venturi tubes used in 
a variety of combinations have been popular in France, Germany 
and the United States, probably because they provide large pres- 
sure differences and make possible the use of robust gages. All 
these tubes are, however, subject to the fault of being very 
critical to slight changes such as may occur in manufacture cr 
be caused by corrosion or abuse. Furthermore, it appears that 
the Venturi tubs does not follow any simple equation connecting 
suction, velocity and air density but follows _^ore complicated 
* Seme experiments on Measurement of Static Pressure by the Wind 
Channel Staff of the R.A.E. , R&M No. 37 3. 
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equs^tion involving a function of the Reynolds noxaber. * The Pitot 
tube, on the other hand, can be modified considerably ^7ithout de- 
viating from the simple theoretical impact formula. Pitot stat- 
ic tubes and especially ones mounted in such a way as to permit 
them to swivel hai^e been used in the National Advisory Committee's 
flight tests for a period of nearly two years and except in one 
respect, the allurement which they offer wasps for nesting places, 
they have been found most satisfactory for speed measurement. 



* The Altitude Effect on Airspeed Indicators, by M. D, Hersey, 
F. L. Hunt and K. K. Eaton, N.A.C.A. Report Ko. 110. 
** Rapport A 30, Verslagen en Verhandelingsn Van Den P-ijks - 
Studiedienst Voor de Luchtvaart. Am.sterdam, 1£21. 
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Indicated airspeed M,?-K. 
Fig-7 Installation coiTecticn for 
Mark IVA Head on VE-7 airplane. 
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